ABSTRACT: The effect of dietary CP level on performance, enteric health, and gastrointestinal microbial ecology of weaned pigs challenged with enterotoxigenic Escherichia coli (ETEC) K88 was investigated in a 14-d study. Forty weaned pigs (BW = 5.32 ± 0.24 kg, mean ± SD), housed 4 per pen, were randomly assigned to 2 diets (5 pens/diet): 1) 22.5% CP or 2) 17.6% CP supplemented with AA. Diets contained the same amount of ME and standardized ileal digestible Lys, Met + Cys, Thr, and Trp based on the ideal protein ratio. Isoleucine and Val were added to the 17.6% CP diet up to the level in the 22.5% CP diet. On d 8 postweaning, pigs were challenged with 6 mL of ETEC suspension (10 10 cfu/mL) by gavage. Feed disappearance and BW were measured on d 7, 9, 10, 12, and 14 for determination of ADG, ADFI, and G:F. One pig from each pen was serially slaughtered on −1, 3, and 7 d postchallenge (10 pigs/d of slaughter) to evaluate gut morphology, and gut microbial ecology and metabolites. Pigs fed the 22.5% CP diet had greater (P < 0.05) ADG and G:F than those fed the 17.6% CP diet before infection, but performance was similar between the 2 diets after ETEC challenge and overall. On d 3 after challenge, ETEC was not detected in the ileal digesta of pigs fed the 17.6% CP diet but was detected in the ileal digesta of 80% of pigs fed the 22.5% CP diet (5.22 ± 1.07 cfu/g, mean ± SD). Pigs fed the 17.6% CP diet had a greater (P < 0.01) prevalence of order Clostridiales (73 vs. 50%), family Lachnospiraceae (43 vs. 18%), and genus Roseburia (13 vs. 3%) in the colon digesta 7 d after challenge compared with those fed the 22.5% CP diet. The richness and diversity of bacteria in the colon digesta were less (P < 0.05) in pigs fed the 17.6% CP diet than in those fed the 22.5% CP diet at −1, 3, and 7 d postchallenge. Pigs fed the 22.5% CP diet had greater (P < 0.05) ammonia N concentration in the colon digesta on −1 and 7 d after challenge compared with those fed the 17.6% CP diet. Pigs fed the 22.5% CP diet had deeper (P < 0.05) crypts 1 d before challenge, shorter villi 3 d after challenge, and reduced villus height:crypt depth 1 d before and 3 d after challenge compared with those fed the 17.6% CP diet. In conclusion, a reduction in the dietary CP level of weaned pigs from 22.5 to 17.6% with AA supplementation impaired growth performance before, but not after, the ETEC challenge and increased the relative composition of butyrate producing bacteria in the colon digesta after ETEC challenge.
INTRODUCTION
There is a growing need to develop alternative interventions to managing the poor growth performance and enteric disorders associated with weaning of piglets in view of the growing concerns regarding the use of antibiotics in animal feeds. Thus, it has been suggested that feeding low CP, AA-supplemented diets to weaned pigs may serve as part of such interventions as long as performance is maintained (Nyachoti et al., 2006; Heo et al., 2008; Opapeju et al., 2008) . Indeed, these studies have shown improved gastrointestinal health when low CP, AA-supplemented diets are fed and that performance can be maintained. However, to rigorously test the potential benefits of using low CP, AA-supplemented diets as a nutritional strategy for managing weaned piglets, studies under conditions that are closer to commercial production conditions, where there is increased pressure of enteric infection (Göransson et al., 1995) , are critical. We have used the enterotoxigenic Escherichia coli (ETEC) challenge model to test the efficacy of various alternatives to antibiotics in weaned piglets (Owusu-Asiedu et al., 2002; Bhandari et al., 2008; Kiarie et al., 2008) . Recently, Wellock et al. (2007 Wellock et al. ( , 2008a have shown that pigs fed a high CP diet have greater daily BW gain and improved feed efficiency compared with those fed a low CP diet. However, in that study a very low level (13%) of dietary CP was used, which might have made some essential AA (EAA) to become limiting and thus impairing performance. Furthermore, evaluation of the effects of dietary CP level on gut microbial composition of nursery pigs has been limited to culture-based techniques with no information on noncultivable microorganisms. Therefore, the objective of this study was to evaluate the effect of dietary CP level on performance, indicators of enteric health, and gut microbial ecology in weaned piglets induced with postweaning colibacillosis (PWC) using ETEC K88.
MATERIALS AND METHODS
The experimental protocol was approved by the Protocol Management and Review Committee of the University of Manitoba Animal Care Committee. Pigs were cared for according to the guidelines of the Canadian Council on Animal Care (CCAC, 1993) .
Experimental Diets and Feeding Regimen
Two nonmedicated diets based on corn, wheat, and soybean meal were used in the current study. The diets (Table 1) were different in CP content, but contained the same amount of ME and standardized ileal digestible Lys, Met plus Cys, Thr, and Trp on the ideal protein ratio basis suggested by Rademacher et al. (2000) . Diet 1 contained 22.5% CP, and diet 2 contained 17.6% CP supplemented with crystalline AA. Isoleucine and Val were supplemented to the 17.6% CP diet up to the level in the 22.5% CP diet. All other nutrients were supplied in amounts meeting or exceeding NRC (1998) nutrient standards for a 6-to 10-kg pig. Before diet mixing, feed ingredients contributing AA were analyzed for AA composition as described by Nyachoti et al. (2006) and the analyzed values used in diet formulation. Representative samples of the experimental diets were also analyzed for AA composition. Diets were offered to pigs as pellets.
Animals and Housing
A total of 40 crossbred Duroc × (Yorkshire × Landrace) piglets, males and females, weaned at 17 ± 1 d of age (BW = 5.32 ± 0.24 kg, mean ± SD) were obtained from 7 litters in the University of Manitoba Glenlea The analyzed composition of 22.5% CP and 17.6% CP diets, respectively, were CP, 22.69 and 17.27; Arg, 0.97 and 0.80; His, 0.56 and 0.41; Ile, 1.01 and 0.96; Leu, 2.14 and 1.47; Lys, 1.43 and 1.42; Met, 0.56 and 0.61; Phe, 1.03 and 0.75; Thr, 0.92 and 0.95; Trp, 0.27 and 0.26; Val, 1.27 Contains 50.7% l-Lysine; Evonik Degussa GmbH, Rodenbacher Chaussee 4, Hanau-Wolfgang, Germany.
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Based on analyzed AA content in feed ingredients and digestibility coefficients reported by Rademacher et al. (2000) and Degussa feed composition data for ME, Ca, and P. Swine Research Farm and used in this 14-d experiment. On arrival, piglets were weighed and randomly allotted to dietary treatment according to litter and sex. Pigs were housed in groups of 4 resulting in 5 replicate pens per experimental diet. Each pen had a plastic-covered, expanded metal floor (1.5 × 1.2 m), a single stainlesssteel self-feeder and a single low-pressure drinking nipple adjusted to the right height for pigs at this stage. Pigs had unlimited access to feed and water throughout the experimental period. Body weight and feed disappearance were monitored, and the 2 were used to calculate feed efficiency. Room temperature was maintained at 31°C during wk 1 and reduced to 29°C during wk 2. A 16-h lighting system was maintained in the room.
Bacterial Preparation, Oral Challenge, and Diarrhea Assessment
To evaluate the proliferation of ETEC and to differentiate the inoculum from the indigenous strains, a pure strain of ETEC expressing K88 + fimbriae was made resistant to ciprofloxacin by exposing it to increasing doses of ciprofloxacin in Mueller-Hinton broth (Becton, Dickinson and Company, Sparks, MD). The bacterial susceptibility testing to ciprofloxacin was performed using broth microdilution and disk diffusion test according to the methods of the National Committee for Clinical Laboratory Standards (NCCLS, 2002) . The pure strain of ETEC K88 had minimum inhibitory concentration (MIC) and zone of inhibition (ZI) of 0.002 μg/mL and 34 mm, respectively, which were within the range of ≤0.015 μg/mL (MIC) and ≥30 mm (ZI) considered sensitive to ciprofloxacin by NCCLS (2002) . The ciprofloxacin resistant ETEC K88 had MIC and ZI value of 0.625 μg/mL and 9 mm, respectively. Before being used to induce PWC, the ciprofloxacin-resistant ETEC was confirmed to be positive for K88 fimbrial antigen, heat labile enterotoxin, and heat stable enterotoxin (STb) genes by PCR genotyping using published primers (Kotlowski et al., 2007; Setia et al., 2009 ). On the morning of d 8, each pig was orally challenged with 6 mL of ETEC (5 × 10 10 cfu/mL) suspended in PBS by gavage.
Occurrence and severity of postweaning diarrhea was monitored and assessed using a fecal consistency scoring system (0, normal; 1, soft feces; 2, mild diarrhea; 3, severe diarrhea; Marquardt et al., 1999) at 24 h, 30 h, 48 h, 72 h, and 5 d postchallenge by 2 trained personnel with no prior knowledge of dietary treatment allotment.
Tissue Collection and Histological Assessment
Pigs (by random selection) were slaughtered on d −1, 3, and 7 d post-ETEC challenge. On each day of slaughter, 10 pigs (1 pig/pen; 5 pigs/diet) were anesthesized by an intramuscular injection of ketamine:xylazine (20:2 mg/kg; Bimeda-MTC Animal Health Inc., Cambridge, Ontario, Canada) and killed by an intravenous injection of sodium pentobarbital (50 mg/kg of BW; Bimeda-MTC Animal Health Inc.). The abdominal cavity was exposed by midline laparotomy. A 10-cm section of ileum (starting 10 cm proximal to ileo-cecal junction) was collected, rinsed with cold physiological saline (0.9% saline), and stored in 10% buffered formalin to fix the villi and the crypts. Six cross-sections from each segment were processed for histological examination using the standard hematoxylin and eosin method as described by Owusu-Asiedu et al. (2002) . Villus height (VH) and crypt depth (CD) were measured on 10 intact, well-oriented villi per specimen using a compound light microscope equipped with a video camera. Images were processed using the US National Institute of Health Image J Software (version 1.37v). The VH was measured from the tip of the villous to the crypt-villous junction and the CD from the crypt-villous junction to the base.
Digesta Collection and Assessment of Digesta Characteristics
Digesta content from the ileum, distal colon, and rectum were emptied into 3 separate sterile sample bags. Colon digesta was aseptically divided into 3 sterile sample bags. Digesta samples from the ileum and rectum and a sample of colon digesta were placed on ice and transferred to the laboratory immediately for microbial count. Two samples of colon digesta were snap-frozen in liquid N and stored at −80°C until used for DNA analysis or at −20°C until assayed for ammonia N and VFA.
Before ammonia N and VFA analysis, colon digesta was suspended in 0.1 N HCl (1:5, wt/vol) in a 125-mL conical flask and the mixture shaken for 5 h in an incubator shaker (New Brunswick Scientific Inc., Edison, NJ) at room temperature. The VFA concentration in the resulting digesta fluid was determined by gas chromatography (Varian Chromatography Systems, Model Star 3400, Walnut Creek, CA) using the method described by Erwin et al. (1961) . Briefly, 1 mL of 25% meta-phosphoric acid was mixed with 5 mL of digesta fluid in a centrifuge tube, and the mixture was frozen overnight. Samples were then thawed, mixed with 0.4 mL of 25% NaOH and vortexed, followed by the addition of 0.64 mL of 0.3 M oxalic acid. The samples were centrifuged for 20 min at 3,000 × g at 4°C, and 2 mL of supernatant was transferred into a gas chromatography vial.
Digesta ammonia N concentration was determined using the method described by Novozamsky et al. (1974) . Briefly, 1.5 mL of a reagent containing 200 mL of 0.05% sodium nitroprusside and 10 mL of 4% EDTA was added to 50 μL of digesta fluid in a 10-mL test tube and the mixture was vortexed. A solution containing 10% NaOCl (2.5 mL) was then added to the mixture and vortexed. Test tubes containing the resulting mixture were placed in complete darkness for 30 min Dietary protein level and gut microbiology followed by the reading of absorbance of the mixture at 630 nm (Milton Roy Spectronic 1001 Plus UV Visible Spectrophotometer, Milton Roy Co., Rochester, NY). Ammonia N concentrations were determined by calculating the concentrations from a regression equation of the standard curve (range: 2.5 to 20 mg/L).
Gut Microbial Analysis
Culture-Based Analysis. One gram of digesta from ileum or colon or rectum was added to 9 mL of sterile 0.1% peptone water, vortexed for 60 s, and then serially diluted 10-fold in sterile peptone water. Lactobacilli, total coliform, and ETEC K88 in the serially diluted samples were quantified using deMan Rogosa Sharpe agar, and Eosin Methyl Blue (Becton Dickinson and Company) agar without and with ciprofloxacin (0.5 μg/mL), respectively. The plates were incubated aerobically at 37°C for 24 to 48 h. A fecal swab was collected from all pigs on arrival and plated on eosin methyl blue medium with ciprofloxacin (0.5 μg/mL) to screen them for the presence of ciprofloxacin-resistant ETEC K88.
Molecular-Based Analysis. Deoxyribonucleic acid was extracted from the colon digesta using the ZR fecal DNA Kit (Zymo Research, Orange, CA) following the manufacturer's protocol, and the DNA quality was checked on a 1% agarose gel. Terminal-(T) RFLP analysis based on the PCR amplification of a highly variable section of the 16S ribosomal (r)DNA fragments using 27 forward (labeled) and 1,100 reverse primers was used to assess the changes in microbial composition in the gut. The PCR reactions were performed using the following conditions: 5 min of the incubation mixture predenaturation at 94°C; 35 cycles of repeated denaturation (94°C for 1 min), primer annealing (61°C for 1 min), and chain elongation (72°C for 2 min); and 5 min of postcycling final extension at 72°C. Terminal restriction fragments (T-RF) were produced through HhaI digestion of 27 to 1,100 amplicons. Briefly, a mixture of 10 μL of PCR product, 10 units of HhaI, 1× HhaI buffer, 20 μg of bovine serum (Promega, Madison, WI) was incubated at 37°C for 8 h. The digested PCR product was cleaned using a method described by Paddison et al. (2004) . Briefly, 0.25 μL of glycogen (2 mg/mL), 1.5 μL of 3 M NaOAc (sodium acetate, pH 5.2) solution, and 37.5 μL of 95% (vol/vol) ethanol were added to 15 μL of PCR product, and the mixture was centrifuged at 13,500 × g, 4°C for 15 min. The supernatant was decanted, rinsed twice with 200 μL of 70% (vol/ vol) ethanol for 5 min at 13,500 × g at 4°C, and the resulting pellet was allowed to dry for 30 min. The pellet was then resuspended in 15 μL of sample loading solution. The precise lengths of T-RF were determined on a CEQ 8800 Genetic analysis system (Beckman Coulter Inc., Brea, CA). Briefly, 6 μL of fluorescently labeled fragments, 25.75 μL of sample loading solution, and 0.75 μL of a DNA size standard (1,000 bp for T-RFLP, Beckman Coulter Inc.) were mixed together before application to the capillaries. An electropherogram with peaks of different sizes was obtained for each sample, and each peak represented an operational taxonomic unit. The bioinformatics analysis of T-RFLP data was performed as described by Bhandari et al. (2008) . Estimates 7.5 software (Colwell, 2005) was used to calculates richness indicators (Chao2, incidence-based coverage estimator and Michaelis-Menten function mean) and diversity indices (Shannon and Simpson) as described by Bhandari et al. (2008) .
Statistical Analysis
All data were analyzed as repeated measures using the MIXED procedure (SAS Inst. Inc., Cary, NC). The pen was considered the experimental unit. Effect of diet, period, and their interaction were included in the model. Treatment means were compared using a t-test. Statistical significance was accepted at P < 0.05 except for the phylogenetic lineage determined with molecular analysis where statistical significance was accepted at P < 0.01 according to the recommendation of the ribosomal database project (RDP II; Cole et al., 2005) .
RESULTS
The analyzed CP and AA contents in the experimental diets were similar to the calculated values (Table  1) .
Performance and Diarrhea Assessment
During the first 7 d after weaning, pigs fed the 17.6% CP diet had decreased (P < 0.05) ADG and G:F compared with those fed the 22.5% CP diet (Table 2) . No effect of diet was further observed on performance after the ETEC challenge (d 9 to 10, d 12 to 14) and overall (d 0 to 14). Pigs fed the 22.5% CP diet had greater (P < 0.05) fecal consistency scores compared with those fed the 17.6% CP diet starting from 48 h after ETEC challenge up to 5 d after challenge.
Microbial Analysis
Culture-Based. None of the pigs tested positive for ciprofloxacin-resistant ETEC upon arrival at the research facility. There were no effects of diet on total coliforms and lactic acid producing bacteria population in the ileum, colon, and rectum digesta before and after ETEC challenge. On d 7 after ETEC challenge, the bacteria population in the 22.5 and 17.6% CP diets, respectively, were (mean ± SD): coliform, 7.57 ± 1.84 and 8.48 ± 0.93; and lactic acid producing bacteria, 4.80 ± 2.27 and 4.00 ± 1.03. A similar pattern of results was observed in the ileum and rectum for the 22.5 and 17.6% CP diets.
Before ETEC challenge, ciprofloxacin-resistant ETEC was not detected in the ileum, colon, or rectum digesta of pigs fed both diets. After ETEC challenge, a similar pattern of ciprofloxacin-resistant ETEC population was observed in the digesta content from the ileum, colon, and rectum; hence, only ileal results are presented (Figure 1) . On d 3 after challenge, ciprofloxacin-resistant ETEC was detected in 4 out of 5 pigs fed the 22.5% CP diet (5.22 ± 1.07 log 10 cfu/mL, mean ± SD), whereas none was detected in the pigs fed the 17.6% CP diet. On d 7 after ETEC challenge, the ciprofloxacin-resistant ETEC was detected in 2 out of 5 pigs fed the 22.5% CP diet (4.24 ± 0.65 log 10 cfu/mL, mean ± SD) and in 1 out of 5 pigs fed the 17.6% CP diet (4.30 log 10 cfu/mL).
Molecular-Based. The T-RF generated from colon digesta were not different between the 2 diets 1 d before and 3 d after ETEC challenge (data not shown). However, colon digesta of pigs fed the 22.5% CP diet tended to have a greater prevalence of family Clostridiaceae 1 d before (6.4 vs. 2.7%, P = 0.17) and 3 d after challenge (11.1 vs. 4.8%, P = 0.07), and genus Clostridium (2.7 vs. 0%, P = 0.15) 1 d before challenge compared with that of pigs fed 17.6% CP diet. On d 7 after ETEC challenge, the prevalence of order Unclassified clostridia, order Clostridiales, family Lachnospiraceae, and genus Roseburia were greater (P < 0.01, 95% CI) in colon digesta of pigs fed the 17.6% CP diet compared with those fed the 22.5% CP diet (Table  3) . Microbial richness and diversity in the colon digesta follow similar pattern on −1, 3, and 7 d after challenge; hence, only d 7 data were presented here. Pigs fed the 22.5% CP diet had greater (P < 0.05) microbial richness and diversity in their colon digesta compared with those fed the 17.6% CP diet 7 d after ETEC challenge (Table 4) .
Digesta Characteristics and Gut Morphology
The ammonia N and total VFA concentrations are shown in Table 5 . Ammonia N concentration was less (P < 0.05) in the colon digesta of piglets fed the 17.6% CP diet 1 d before and 7 d after ETEC challenge compared with those fed the 22.5% CP diet. Diet had no effect on the concentration of acetic acid, propionic acid, butyric acid, branched chain VFA (data not shown) or total VFA (Table 5) in the colon digesta. Pigs fed the 22.5% CP diet had shorter (P < 0.05) villi on d 3 after challenge, deeper (P < 0.05) CD, and decreased (P < 0.05) VH:CD 1 d before challenge compared with those fed the 17.6% CP diet. This was also the case for VH:CD on d 3 after challenge (Table 6 ).
DISCUSSION
Several pathogens preferentially ferment protein and high levels of dietary CP have been identified as one of the predisposing factors to PWC, a disease which is associated with the proliferation of ETEC in the gastrointestinal tract (Proháska and Baron, 1980; Macfarlane and Macfarlane, 1995) . Previous studies conducted in Values within a row with different letters are different (P < 0.05). clean research facilities have consistently shown that low CP diets help to maintain indicators of a healthy gut in weaned pigs (Nyachoti et al., 2006; Wellock et al., 2006) . However, growth performance is often impaired. Therefore, we set out to investigate the effects of feeding low CP diets to weaned pigs under commercial conditions (simulated with ETEC challenge model) where there is a high pressure of infection. Because a high dietary CP level could increase the risk of ETEC infection in piglets, we hypothesized that feeding a low CP diet supplemented with AA to weaned pigs challenged with ETEC would minimize ETEC proliferation and infection and, hence, would improve performance compared with pigs fed a high CP diet.
The performance of pigs fed the 17.6% CP, AA supplemented diet was less before the ETEC challenge (1 wk after weaning) compared with those fed the 22.5% CP diet and this is in agreement with literature (Wellock et al., 2006; Pierce et al., 2007) . The analyzed AA content of the dietary treatments shows that the EAA composition of the 2 diets met the NRC (1998) recommended levels for pigs at this stage. Hence, similar performance between the piglets fed the 17.6 and 22.5% CP diets was expected. This observation suggests that some nonessential AA (NEAA) such as Glu, which is a major fuel for enterocytes, might be deficient in the Values within a row with different letters are different (P < 0.05). Species richness is an indicator of the number of distinct species present in a sample. Chao2, the incidence-based coverage estimator (ICE) and the Michaelis-Menten mean (MM mean) are estimators of richness and are different based on the sampling distribution that is assumed. 17.6% CP, AA supplemented diet (Wu, 1995; Yue and Qiao, 2008 ). In the current study, analyzed Glu content in the 17.6% CP diet was 39% less than that of 22.5% CP diet. Also, of importance in N and AA utilization is the ratio between N from EAA and N from NEAA. The ratios between N from EAA and N from NEAA in the current study were 49:51 and 54:46 for the 22.5 and 17.6% CP diets, respectively. The ratio between N from EAA and N from NEAA in the 17.6% CP diet was different from the optimal ratio of 50:50 reported by Lenis et al. (1999) for growing pigs (30 to 60 kg of BW) fed low protein diets (11.8 and 14.3% CP). Irrespective of the dietary CP level, growth performance was similar after ETEC challenge. The results of the current experiment suggest that pigs fed the 22.5% CP diet had greater enteric challenge after ETEC infection compared with those fed the 17.6% CP diet and hence were expected to have poorer performance. None of the pigs in the current study had severe diarrhea, suggesting subclinical rather than clinical induction of PWC. This probably explains the similar performance observed in pigs fed both diets after ETEC challenge. Nevertheless, infection appeared to have a lager impact on the performance of pigs fed the 22.5% CP diet compared with those fed the 17.6% CP diet. There was a numeric 13% increase and 3% reduction in ADG from 3 to 7 d postchallenge for pigs fed 17.6 and 22.5% CP diet, respectively. Likewise, there was a numeric 22% increase and no difference in ADFI from 3 to 7 d postweaning challenge, for pigs fed 17.6 and 22.5% CP diet, respectively. This observation does not agree with that of Wellock et al. (2008a) who reported that piglets fed a high CP diet (23%) have greater ADG and G:F compared with those fed a low CP (13%) diet after ETEC challenge. The difference in the CP level of the low CP diet used in the 2 studies might explain the discrepancy in growth performance. However, in agreement with Wellock et al. (2007 Wellock et al. ( , 2008b , pigs fed the 17.6% CP diet had decreased fecal consistency score and reduced number of ETEC in the distal small intestine and large intestine digesta compared with those fed the 22.5% CP.
Although previous studies (Wellock et al., 2007 (Wellock et al., , 2008b have investigated the effects of dietary protein level on gut microbial population in ETEC-challenged nursery pigs, these studies only utilized culture-based methods and noncultivable bacteria were not determined. The T-RF data demonstrated that pigs fed the 17.6% CP diet had a greater prevalence of bacteria in the order Clostridiales particularly family Lachnospiraceae and genus Roseburia and tended to have a lesser prevalence of family Clostridiaceae and genus Clostridium in their colon digesta compared with those fed the 22.5% CP diet. Members of genus Clostridium preferentially ferment protein, and some of them, for example C. perfringens, are responsible for some clinical diseases in pigs and other animals (Gibert et al., 1997) . Roseburia/Eubacterium rectale are butyrate-(preferred energy source for colonocytes) producing bacteria and represent about 7% of the total bacteria in pig gut (Bergman, 1990; Leser et al., 2002) . The results of this experiment demonstrate the potential for a low CP diet to increase the prevalence of butyrate-producing bacteria in the hindgut.
The Roseburia/Eubacterium rectale group preferentially ferments carbohydrates (Louis et al., 2007) . A reduced amount of undigested CP is expected to reach the hind gut of pigs fed the 17.6% CP diet; hence, the ratio of protein to carbohydrate in the colon was expected to be less compared with pigs fed the 22.5% CP diet. Furthermore, the growth of Roseburia/Eubacterium rectale group is favored at a slightly acidic pH (Walker et al., 2005) . Although the colon pH was not measured in the current experiment, a greater level of dietary CP could increase the gut pH due to the buffering effects of protein (Proháska and Baron, 1980; Wellock et al., 2008b) . Dietary protein level and gut microbiology Therefore, we speculate that a reduced buffering effect and a decreased protein: carbohydrate ratio in the hind gut might be responsible for the greater proportion of Roseburia in the colon of pigs fed the 17.6% CP diet compared with those fed the 22.5% CP diet.
Furthermore, the results of the current experiment indicate that the microbial richness and diversity in the colon digesta of pigs fed the 17.6% CP diet was less than those fed the 22.5% CP diet after ETEC challenge. This observation is probably a direct effect of reduced substrate availability for protein fermenters (which are often pathogens) in pigs fed the 17.6% CP diet (Macfarlane and Macfarlane, 1995) . Increase in microbial diversity has been associated with increased ecosystem stability and resistance to pathogen invasion (Konstantinov et al., 2004) . However, in the context of the current data, the reduced diversity may not necessarily increase the susceptibility of piglets fed the 17.6% CP diet to enteric infection. By providing lesser amounts of substrate to protein fermenters, low dietary CP level may help to reduce the richness and abundance of potential pathogens in the gut of piglets. However, this hypothesis needs to be tested further.
There were no effects of dietary CP level on VFA concentration in the colon digesta. The lack of dietary effects on VFA concentration is in agreement with observations of Bikker et al. (2006) in nonchallenged weaned pigs (8.7 kg of BW). This observation is probably due to similar concentration of dietary factors such as nonstarch polysaccharides that affect microbial concentration and organic acid production in both diets. For example, overall calculated total nonstarch polysaccharides intake was similar for pigs fed both diets and averaged 202 and 206 g/kg of DM for 17.6 and 22.5% CP diet, respectively. Conversely, ileal and cecal VFA concentration decreased with a reduction in dietary CP level in other studies (Nyachoti et al., 2006; Htoo et al., 2007) . In addition, more proteolytic fermentation, as indicated by a greater concentration of ammonia N in the colon digesta, was observed in pigs fed the 22.5% CP diet before and after ETEC challenge compared with those fed the 17.6% CP diet. This observation is in agreement with our previous studies and those of others in nonchallenged weaned pigs (Htoo et al., 2007; Opapeju et al., 2008) .
Deeper crypts were observed in the ileum of pigs fed the 22.5% CP diet compared with those fed the 17.6% CP diet before challenge, and this observation is similar to our previous study in nonchallenged pigs (Opapeju et al., 2008) . Likewise, a notable villi atrophy was also observed in pigs fed the 22.5% CP diet 3 d after ETEC challenge, and this observation corresponded with the detection of ETEC K88 in 80% of pigs fed the 22.5% CP compared with 0% in those fed the 17.6% CP diet. The effect of high dietary CP content on the small intestine morphology was transient because no differences were detected in pigs fed both diets at 7 d after ETEC challenge. Contrary to our results, Wellock et al. (2008b) reported that dietary CP level had no effect on ileal morphology 3 d after ETEC challenge.
In conclusion, the piglets fed the 17.6% CP, AA-supplemented diet had similar performance as those fed the 22.5% CP diet after, but not before ETEC K88 challenge. The 17.6% CP diet reduced proteolytic fermentation as indicated by ammonia N concentration in the colon digesta before and after ETEC K88 challenge; reduced the number of ETEC K88 in the small and large intestine digesta; reduced VH:CD ratio before and after ETEC challenge; and increased the prevalence of butyrate-producing bacteria in the hindgut of weaned pigs after ETEC K88 challenge.
